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1 ) 第一章介绍了芳香胺的主要性质及其在环境中的污染状况，综述了国内 
外芳香胺的测定方法，在此基础上提出论文的研究目标。
2 ) 第二章建立了沉积物中25种芳香胺的GC-MS测定方法。通过对萃取溶 
剂、萃取时间等参数的优化，建立以50 ml 1.5 M的氢氧化钠溶液和15 m l甲基叔 
丁基醚为萃取溶液，震荡萃取30 min的快速、环境友好的样品前处理方法；最后 
以高灵敏的GC-MS为测定手段。方法满足沉积物中痕量芳香胺测定的要求。
3 ) 第三章建立了沉积物中25种芳香胺的LC-MS测定方法。通过考察流动相 
组成、流动相中缓冲盐和pH值等参数对离子化效率的影响，以及多重反应监测 
模式MRM参数的优化，建立了25种芳香胺的LC-MS检测方法；方法的检出限（干 
重）在0.02 ( 2 -甲氧基苯胺）〜18.56呢/kg (2,4，5 -三氯苯胺）之间。




































Aromatic amines have become important environmental pollutants, as it is well 
known that they have been widely used as the synthetic intermediates in the industry 
for the manufacturing of dyestuffs, pesticides, rubbers, adhesives, plastics and 
pharmaceuticals. Aromatic amines can be easily released into marine ecosystem by 
atmospheric deposition, sewage discharge and other approaches. Both the direct 
pollution and its oxidative product N nitroso compounds present a healthy concern to 
environment. Lots of work has been done on the measurement of aromatic amines in 
aquatic environment samples but less on marine sediment. Thus, development of a 
multi-residue determination method for aromatic amines in marine sediment is the 
aim of this work.
The thesis includes 5 parts:
Part I is the introduction of aromatic amines and its pollution status. Review of 
analytical methods of aromatic amines in environmental samples is also proposed.
In part I I , a method to measure the aromatic amines in sediment samples by gas 
chromatography-mass spectrometry was developed. Mixture of 50 ml 1.5 M sodium 
chloride solution and 15 ml methyl tertiary butyl ether were selected to extract the 
target compounds for 30 minutes from 25 g sediment samples, following with gas 
chromatography-mass spectrometry detection.
In part III，a method using liquid chromatography-mass spectrometry was 
established to detect 25 aromatic amines in sediment samples by the same sample 
treatment in part I I . Some parameters such as chemical composition, acidity, buffer 
of mobile phase were investigated to obtain lower detection limits of the method. The 
limits of detection (for dry weight) is in the range of 0.02 jig/kg (2-Methoxyaniline) 
〜18.56 jig/kg (2,4,5-Trichloroaniline).
Part IV is the application of developed method to determine aromatic amines in 
surface sediment samples of Quanzhou Bay. Gas/liquid chromatography-mass 















surface sediment of Quanzhou Bay has been discussed in this charter.
Conclusions of this work and prospects for further research were present in the 
last charter.
The achievements of this work:
A rapid, accurate, and environment-friendly procedure has been developed for 
simultaneous detection of 25 AAs in sediments. The method was applied on the 
marine sediment samples of Quanzhou Bay to analyze the geochemical properties of 
aromatic amines.
















AAs : Aromatic Amines 芳香胺
IARC : International Agency for Research on Cancer 国际癌症研究机构
LLE : Liquid Liquid Extration 液液萃取
LLME : Liquid Liquid Microextration 液液微萃取
SDME : Single Drop Microextration 单滴微萃取
MLLME: Membrane Liquid Liquid Microextration 膜液液微萃取
LLLME : Liquid Liquid Liquid Microextration 液液液微萃取
CE : Capillary Electrophoresis 毛细管电泳
TLC : Thin Layer Chromatography 薄层色谱
GC : Gas Chromatography 气相色谱
GC-MS : Gas Chromatography-Mass Spectrometry 气相色谱-质谱
HPLC High Performance Liquid Chromatography 高效液相色谱
LC-MS : Liquid Chromatography-Mass Spectrometry 液相色谱-质谱
FID : Flame Ionization Detector 火焰离子化检测器
ESI : Electrospray Ionization 电喷雾离子化
APCI : Atmospheric Pressure Chemical Ionization 大气压化学电离
SIM : Selected Ion Monitoring 选择离子监测
MRM : Multiple Reaction Monitoring 多重反应监测














1989年我国环保局对约1 万种化学品粗选、精选、复审后，确定6 8种有毒 
化学品作为优先控制污染物的名单，在 “优先控制污染物” 的 1 4类有毒化学污 
染物黑名单中包括芳香胺（见附录)。某些芳香胺如4 -氨基偶氮苯、p■萘胺、联 







1 . 1 . 1芳香胺的性质
芳香胺是一类含有一个或多个芳环，并在芳环上带有一个或者多个氨基取代 
基的化合物[2]。芳香胺在水中能接受水电离出的质子而呈弱碱性，由于氮原子上 






























至 2000年，国内每年生产苯胺80，0 0 0吨以上，全世界每年排入环境中的苯 
胺为30 ,000吨[6]。除了工业生产的芳香胺外，染料也是环境中芳香胺的主要来源 





织品中偶氮染料降解致癌芳香胺的限量。如GB18401 -2003[8]和Oeko-Tex Standard 





9.67 ng/m3，冬天达11.86 ng/m3，苯胺和对甲苯胺在夏天达2.5 ng/m3和2.33 ng/m3， 





























人体体液样品也有芳香胺的相关研究报道。W eiss等[28]对 2 0 例人体尿液样 



















月实行；2002年Oeko-Tex Standard 100规定，不允许从偶氮染料中裂解出23种芳 
香胺，比旧版增加了2 -甲氧基苯胺、2,4-二甲基苯胺和2，6 -二甲基苯胺[36]， 2008 





























八让7 ^ 等[4()]将收集烟气粒相物的滤片用盐酸溶液萃取，并与液液萃取模式结合。 





釆用二氯甲烷提取染料厂50 g 土壤样品中的2 1种芳香胺， 100 mL 二氯甲烷分 
两次提取后合并，旋转蒸发至5 m l，加入2 ml 150 mM H3PC>4进行振荡、分层， 
毛细管区带电泳进行分析，方法测得染料厂受污染的土壤样品中芳香胺含量 
10-800 pg/kg。A kyiie等[43] ( 2 0 0 6 )对沉积物中3 3 种芳香胺进行分析测定，取 
50 g 沉积物样品以250 m l酸性甲醇溶液索氏提取8 h ,提取液部分浓缩后加水稀 
释，调节p H 为 8，采用含0.1 M 的磷酸二异辛酯氯仿溶液以液液萃取方式提取 
目标物（3x3 m L ) ,有机相氮气吹干，衍生化后釆用GC-M S测定，测得沉积物 
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